Single amino acid substitutions were introduced into a region of the rasH protein (residues 116, 117, and 119) homologous to a variety of diverse GTP-binding proteins. Each of the mutant p21 proteins displayed a significant reduction (10-to 5,000-fold) in GTP binding affinity. Activated rasH proteins deficient in GTP binding were unaltered in their ability to morphologically transform NIH 3T3 cells.
The human ras family consists of three known genes (rasH, rasK, and rasN) which have been identified as active transforming genes in a variety of human neoplasms (5) . The cellular ras genes encode closely related proteins designated p2is. These plasma-membrane-associated proteins bind guanine nucleotides with high affinity (9, 26, 32) and display a low GTPase activity (11, 19, 22, 34) . Amino acid sequence comparisons have identified homologies between the ras proteins and other proteins which exhibit a high specific affinity for guanine nucleotides, including bacterial elongation and initiation factors, tubulin, and members of the G protein family (16, 18) . Of these regions of shared sequence homology, the region represented by ras amino acids 110 through 120 is the most striking. We therefore used sitedirected mutagenesis to evaluate the possible role of these ras sequences in guanine nucleotide binding.
A comparison of amino acid sequences representing a variety of guanine-nucleotide-binding proteins is shown in Table 1 . A consensus sequence of Asn-Lys-X-Asp (human ras residues 116 through 119) was found in all GTP-binding proteins examined. To directly evaluate the involvement of these amino acids in the binding of GTP, oligonucleotidedirected mutagenesis (37, 38) (Fig. 1) (8a, 20) . In agreement with previous studies (8, 9, 20, 32) , the concentration for halfmaximal GTP binding of the rasH(61-Leu) p21 was approximately 10-8 M. In contrast, all three rasH mutant proteins possessed significantly reduced affinities for GTP. The GTP concentration for half-maximal binding was 10- Thus, each amino acid substitution resulted in a 10-to 5,000-fold reduction in binding affinity for GTP without altering the specificity of p21 for guanine versus adenine nucleotides.
To determine the effects of these alterations in GTP binding on transforming activity, each rassH(61-Leu) mutation was introduced into the BamHI site of the retrovirus shuttle vector pZIP-NeoSV(x)1 (3). The introduction of the rasH cDNA sequences into this retroviral plasmid resulted in the efficient expression of rasH by using the 5' long terminal repeat as the promoter and the 3' long terminal repeat as the signal for polyadenylation (8a) . Each pZIP-rasH(61-Leu) mutant induced transformation of NIH 3T3 cells (6, 14) with efficiencies that were equivalent to that of the wild-type rasH(61-Leu) retroviral construct (>50 foci per ng of DNA).
Thus, the reduced binding affinities for GTP did not alter the focus-forming activity of the rasH(61-Leu)-encoded mutant proteins.
Because long-terminal-repeat promoter constructs of the normal rasH(61-Gln) gene were shown to transform NIH 3T3 cell via overexpression (4), the comparison of focus-forming activities of the different GTP-binding deficient mutants that used these retroviral riasH constructs may possibly have masked partial reductions of rasH transforming potential. To rule out the possibility that elevated expression was necessary for the transforming activity of the rasH genes, the focus-forming efficiencies of these mutants were also compared by using M13-rasH constructs which contain a 2.9- The results presented here indicate that the domain of p21, including amino acids 116, 117, and 119, is involved in the ability of ras proteins to bind guanine nucleotides. X-ray crystallographic analysis of the GDP binding site of the bacterial elongation factor, EF-Tu, identified a region (residues 135 through 138) that directly interacts with the bound nucleotide, and it was proposed that the homologous region ._a in the rasH protein is represented by rasH residues 116 through 119 (17, 21) . In particular, it was suggested that the side chains of Asn-116 and Asp-119 interact directly with the guanine ring of the bound nucleotide (17, 21) . The results presented here are consistent with these predictions and additionally suggest that Lys-117 is important for guanine nucleotide binding. In addition to the rasH amino acid sequence 110 through 120, sequence alignment comparisons identified three other principal regions of significant homology between ras and other GTP-binding proteins, including transducin and the bacterial elongation (EF-Tu and EF-G) and initiation (IF2) factors (15, 23, 36) . These three regions of homology are represented by the cellular ras amino acid residues (i) 5 to 15, (ii) 55 to 65, and (iii) 72 to 85, and they appear in the same order in a-transducin and the bacterial elongation factors EF-Tu and EF-G. It was demonstrated that substitutions that activate ras transforming potential at positions 12 and 61 do not affect GTP binding affinity or specificity (8, 9) but do result in reduced GTP hydrolysis activities (8, 19, 22) . In a recent study (8a) that involved random mutagenesis, amino acid substitutions at positions 83 (Ala to Thr), 119 (Asp to Asn), and 144 (Thr to Ile) of viral rasH p21 were found to result in 25-to 100-fold reductions in guanine-nucleotidebinding affinities. This identification of a binding mutation at position 83 suggests that region iii is also involved in GTP binding. Although Thr-144 does not fall into any of the four 32P-GTP Concentration (M) The structural and biochemical similarities between ras and the G proteins suggest that these proteins also share functional similarities as regulatory molecules (12) . It is proposed that the binding and hydrolysis of GTP is involved in the regulation of the active and inactive states of these proteins. Although the observed reductions in guanine nucleotide binding affinities in the mutants studied here did not compromise ras transforming activity, high-affinity binding of guanine nucleotides may, as discussed elsewhere (8a), be required for normal function of the ras protein. The further biological characterization of these mutants will therefore be useful for defining the role of GTP binding in ras activity.
